Therefore this gene-walking technique accurately amplifies longer fragments (3-4 kb) while some of the shorter ones (<2 kb, Figure 2 ) might be artifacts. Furthermore, larger bands (5-7 kb) could also be detected by both Southern blot and agarose analyses, although the bands were too weak to detect easily.
Because the SP2 primer was about 350 bp from the 3 ′ end of the known sequence, this provides an internal control for artifacts. In sequencing both the 3.5-and 4.0-kb products, we confirmed that these fragments are true extensions of the known region because the first 350 bp of the 5 ′ ends of both are identical to the known 3 ′ ends.
The reliability of the technique is high. Once having worked out the initial conditions and procedures, we have not had a failure in six attempts at walking for both the mosquito hexamerin gene and the Drosophila hairy gene (Table 1) . Walking in both the 3 ′ and 5 ′ directions is possible by simply using alternative strands. Another aspect of the length of the walk suggested by Table 1 is that the length of the product is dependent on the polymerization time during the thermal cycling. One somewhat unexpected result is that there is one predominant discrete band ( Figure 2 ). This is probably not due to any secondary structures because, as can be seen in Table 1 , the size of the predominant product is a function of time of polymerization. Furthermore, we have sequenced multiple clones from the discrete band that vary in size by 100-200 bp, so while the band appears discrete, it contains molecules that vary in size. A common concern with polymerase chain reaction (PCR) is the variation of amplification efficiency with template size. Length-dependence problems can arise when amplifying differently sized alleles (2), pseudogenes (6) or heterogeneous genomes involving deletions (4, 5) . In conventional PCR, smaller fragments are more efficiently amplified than significantly larger templates. However, accounts of long-distance (LD)-PCR amplifying smaller fragments preferentially, albeit to a lesser extent than conventional PCR (4, 5) , remain controversial (6). This work evaluates the quantitative relationships between template size and LD-PCR amplification efficiency.
Defined quantities of templates of different sizes were co-amplified with a constant amount of a reference template. PCR targets were complete or deleted human immunodeficiency virus type 1 (HIV-1) genomes cloned into pUC and for 15 s, 55°C for 30 s and 68°C for 8 min. LD-PCR products were separated in an agarose gel and stained with ethidium bromide. Band intensities were determined by densitometric tracing. In these conditions, PCR amplification levels remained directly proportional to the template concentrations used (tested up to 10 pg/ µ L; data not shown).
Co-amplifications of shorter and reference sequences were performed with both sets of primers. Results with LTR primers are shown in Figure 1a . To assimilate band intensities to molar concentrations, intensities were corrected as a function of product sizes. Increasing concentrations of short templates resulted in a reduced amplification of the long template, showing the effect of template competition. Figure  1b plots corrected intensity ratios of bands for competing and reference products against the number of competing (shorter) molecules introduced in the PCR, as obtained from one experiment in Figure 1a (lanes 1-3) . An intensity ratio of 1 (quantity of competing products = quantity of reference products) provides the number of competing input molecules necessary to obtain the same number of copies as with the reference molecule (3, 5) . Reproducing the analysis in Figure 1b for each competitive PCR experiment (not shown), it can be determined that the level of amplification obtained with 2 × 10 4 copies of the 9.1-kb target (LTR primers) requires 1400, 1500 and 15 000 input copies of the 1.3-, 2-and 3.6-kb templates, respectively. Likewise, the level of amplification obtained with 2 ×10 4 input copies of the 8.2-kb target (CL primers) requires 600, 1300 and 10 000 copies of the 0.4 -, 1.2-and 2.8-kb templates, respectively. We denote E (relative amplification efficiency) the ratio of competing to reference amplification levels and S the ratio of competing to reference template sizes. E can be computed as the ratio of reference to competing input molecules resulting, after amplification, in an equimolar output. As shown in Figure 1c fits experimental points better than the logarithmic function (R 2 = 0.806) we used in a previous report (5) . E is expected to vary exponentially with the number of PCR cycles, so that after n cycles, E n = E 25 n/25 . In a reasonable agreement with this formula, we obtained, for 1/S = 7, E 25 = 10 ( Figure  1c ), E 13 = 3.3 and E 10 = 2.6 (data not shown). We should note at this point that PCR efficiency is sequence-dependent. Relative amplification efficiencies might thus vary when co-amplifying templates of different sequences.
To compare conventional and LD-PCR responses to template-size variations, co-amplifications were performed with both conventional and LD-PCR systems, using p ∆ focep as a reference and p ∆ cesmo as a competing template. Conventional PCRs were performed with 1.5 U of TaqDNA polymerase (Appligene ® ; Oncor, Illkirch, France) in 10 mM Tris-HCl, pH 9.0, 50 mM KCl, 1.5 mM MgCl 2 , 0.1% Triton ® X-100, 0.2 mg/mL bovine serum albumin (BSA), 200 µ M each dNTP, 25 pmol of each primer (LTR or CL set) and 100 ng of human genomic DNA carrier in a total volume of 50 µ L. Templates were amplified with 30 cycles at 94°C for 1 min, 55°C for 1 min 30 s and 72°C for 2 min. LD-PCR conditions were the same as above. As expected, LD-PCR amplified p ∆ cesmo (1.3 kb with LTR primers or 0.4 kb with CL primers) about twice as efficiently as p ∆ focep (2 kb with LTR primers or 1.2 kb with CL primers). On the other hand, conventional PCR amplified p ∆ -cesmo 7 to 16 times more efficiently than p ∆ focep (this factor will vary with the template size ratio). Results for LTR primers are shown in Figure 2 .
We provide a basis for an adequate product quantification in LD-PCR coamplification of differently sized templates. The significant size dependency observed contrasts with a recent report by Wilton and Lim (6) stating that LD-PCR has little or no preference for smaller templates, based on the successful, qualitative LD-PCR co-amplification of both 4.5-kb and 205-bp templates. Our more quantitative results suggest that products with such a size difference would show a considerable amplification difference, which can be evaluated from Figure 1c . However, the sensitivity of LD-PCR to differences in template size is less pronounced than that of conventional PCR. This interesting, although predictable, property of LD-PCR makes it a method of choice when differently sized templates are coamplified, even when all template sizes are in the reach of conventional PCR.
Re-amplification of Short Primer-Generated Bands from RAPD and Methylation-Sensitive Restriction Fingerprinting by Discrimination Primers
BioTechniques 24:402-406 (March 1998) Polymerase chain reaction (PCR)-based methods using short arbitrary types of primers are very useful for genomic analysis and fingerprinting (7) and can be combined with methylationsensitive restriction endonuclease digestion to detect not only the differences in genomic components but also changes in their methylation status (3). The re-amplification of these bands can pose some difficulty because of low yield with 10-11-mer arbitrary primers. It usually takes three to four rounds of PCR to obtain enough DNA for detection and cloning. Moreover, it can result in amplified sequence heterogeneity because of the extensive number of cycles required for amplification (2) . We describe an improved re-amplification procedure using discrimination primers that are identical to the 10-11-mer arbitrary primer used in randomamplified polymorphic DNA (RAPD) analysis (7) or methylation-sensitive restriction fingerprinting (MSRF) (3) but contain extra sequences for stabiliza - 1-3) or conventional PCR (lanes 4-6) with 10 2 , 10 3 and 10 4 copies of the competing template p ∆ cesmo using LTR primers.
